Consequently, the current goal for the frequency of unstarts is a few times per fleet lifetime. For a ECU mixed-compression inlet, there is a tradeoff between HSCT propulsion system efficiency and unstart margin. As the unstart margin decreases, propulsion system efficiency lidar increases, but so does the unstart rate. This paper intends MSU to first, quantify that tradeoff for the High Speed Civil Transport (HSCT) and second, to examine the benefits of P/CEU using a sensor to detect turbulence ahead of the airplane. Figure 2 shows the tradeoff between the unstart rate and the unstart margin where e is the eddy dissipation rate proportional to turbulence intensity to the third power.
Because the relation between the unstart rate and the unstart margin is exponential, the slope of the curves in figure 2 All four turbulence components are locally isotropic and described by a common power spectral density, the Kolmogorov spectrum. The mathematics for this process are shown in appendix A.
Strategies for Setting the Unstart Margin
If the unstart margin is increased then the unstart rate is reduced. Unfortunately, when the unstart margin is increased, the pressure recovery ratio of the supersonic inlet goes down, decreasing the propulsion system efficiency as discussed in section 1.1. For this reason, the ideal would be to set the unstart margin at a level that just meets the unstart rate criterion. Setting it higher than that will reduce the efficiency, which will in turn increase the TOGW. To quantify the benefits of a forward-looking turbulence sensor, the turbulence environment must be specified and the target unstart rate defined. The unstart rate criterion is the subject of discussion within the HSCT community, but the value of 10--6/h is considered reasonable and is used in this paper.
Given this value (10-6/h), two strategies for setting the unstart margin and comparing their impact on the HSCT are investigated. The first is to fix the unstart margin so that the average unstart rate is 10-'6/h over a given flight (2) where A is the altitude in kilometers, £stratosphere is the eddy dissipation rate in the stratosphere, and
Pstratosphere is the probability of encountering turbulence in the stratosphere. Both of these quantities are derived in reference 3. From this reference, one can extract the eddy dissipation rate and prior probability for each interval, calculate the unstart rate for those parameters using the derivation in appendix A, and then do a weighted average of the unstart rate over the route profile.
The installation of the inlet in a real airframe will inevitably cause flow distortions. Based on estimates of these effects, a margin of 0.03M has been added to all the unstart margins calculated. Using the above procedure, the fixed unstart margin, to maintain an average unstart rate of 10-6/h over a flight from San Francisco to Tokyo can be calculated. This route has been chosen because it is relatively turbulent. The fixed unstart margin for this route including the installation effects is 0.084M. recovery ratio, the ratio of the total pressure at the inlet lip to the actual total pressure at the entrance to the engine itself. The pressure recovery ratio of this inlet is a complex function of the throat Mach number, centerbody position, and inlet mass flow; therefore is a strong function of unstart margin. The unstart margin is set by moving the centerbody. Mass flow can vary at a given centerbody position, and the propulsion system efficiency calculation is performed at the optimum mass flow condition. In addition, a quick response bypass control mechanism is used to increase inlet mass flow, stabilizing the terminal shock. In this study, only alpha tolerance (angle of incidence) at the cruise Mach number (M = 2.4) was analyzed. This was done because the aircraft will spend very little time at supersonic Mach numbers below 2.4, and the unstart rate for Mach numbers lower than 2.4 is significantly lower. Figure 3 shows the propulsion system impacts of unstart alpha tolerance at the cruise Mach number. 
2.2.20uantified
Benefits for the HSCT Opera_iQn
In order to calculate the effect of unstart margin on the propulsion system effÉciency, the Mach number unstart margins need to be converted to alpha tolerances (sections 2.2.1.1 and 2.2.1.2). The conversion factor is 6 American Instituteof Aeronautics and Astronautics 
where kcutoff, the upper limit of integration, is set by the smallest scales of turbulence which are effective in causing unstarts. Multiplying equation (A1) by the prior probability of encountering turbulence gives the joint
where P is the prior probability of turbulence.
For atmospheric turbulence all four components of turbulence (the three Cartesian velocity coordinates and the temperature) are locally isotropic and described by a common power spectral density, the Kolmogorov spectrum, shown in equation (A5).
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where Si(k) is the one-sided power spectral density, Figure B 1. Distance, epsilon and prior probability of turbulence for the San Francisco to Tokyo route.
